Objective: To evaluate the impact of sedation guidelines, protocols, and algorithms on clinical outcomes in PICUs. Data Sources: CINAHL, Medline, EMBASE, Web of Science, and the Cochrane Database of Systematic Reviews, Study Selection: English-only publications from 1966 to December 2013, which included keywords "sedation, " "guideline, " "algorithm, " "protocol, " and "pediatric intensive care. " We included all primary studies involving critically ill children on sedation guidelines, protocols, and algorithms and excluded those which focused mainly on diagnostic or procedural purposes. Data Extraction: Two authors independently screened each article for inclusion. A standardized data extraction sheet was used to extract data from all included studies. Data Synthesis: Among the 1,283 citations yielded from our search strategy, six observational studies were included in the final review. Due to the heterogeneity of the studies included, clinical outcomes were not combined into a meta-analysis. A descriptive account of the studies was formulated to characterize all included studies. The three outcomes of interest were clinical outcomes, patients' comfort and safety, and sedative use. We found an association between the use of sedation guidelines, protocols, and algorithms and reduced PICU length of stay, frequency of unplanned extubation, prevalence of patients experiencing drug withdrawal, total sedation duration, and doses. Overall, the quality of identified studies is low. Conclusions: Despite widespread recommendation for the use of sedation guidelines, protocols, and algorithms in critically ill children, our systematic review revealed a paucity of high-quality evidence to guide this practice. More robust studies are urgently needed for this important aspect of PICU care. (Pediatr Crit Care Med 2014; 15:885-892) 
T he provision of adequate sedation and analgesia is a crucial component of critical care management. Sedation and analgesia reduce pain, anxiety, and agitation; allow nursing and invasive procedures to be performed safely; and enhance synchronization with mechanical ventilation (MV) (1) . Despite the importance of ensuring comfort throughout critical care stay, sedation therapy is often suboptimal and seldom systematically evaluated in PICU patients (1) .
Optimal sedation is described as a level of sedation at which the adult patient is sedated but easily rousable, free from pain and anxiety, and could tolerate nursing and medical procedures (2) . Achieving optimal sedation may help avoid risks associated with oversedation (e.g., prolonged MV and extubation failure) and problems of undersedation (e.g., agitation, anxiety-induced hypertension, and unplanned extubation). Suboptimal sedation may potentially prolong length of stay (LOS) in PICU and lead to increased morbidity (1) .
The use of sedation guidelines, protocols, or algorithms (sGPA) to assess and manage level of sedation in critically ill adults and children has been strongly recommended by many international societies (2) (3) (4) (5) (6) (7) . The term guidelines and protocols are often used interchangeably to describe the provision of best practice (8) . Often included in guidelines or protocols are treatment algorithms that contain a set of rules that dictates treatment more precisely than a protocol or guideline alone (9) . To date, there is no systematic review that examines the effect of sGPA on critically ill children. We conducted this review to evaluate the impact of sGPA on clinical outcomes in PICUs.
MATERIALS AND METHODS

Search Strategy
We performed an electronic search using the following data to December 2013), EMBASE (1990 to December 2013), Cochrane Database of Systematic Reviews (1982 to December 2013), and Web of Science (1990 to December 2013). Reference lists of identified articles were further hand-searched for additional relevant studies.
We used the search terms: "sedation," "guideline," "algorithm," "protocol," and "pediatric intensive care." An expanded list of related words such as "children," "critical care," and "intensive care unit" was included. Only English-language articles were used.
Selection Criteria
Articles were included based on the review question developed using the participants, interventions, comparator, outcomes, and study designs framework (10):
• Participants: Patients admitted to the PICU.
• Intervention: The intervention group was defined as patients managed using any sGPA, excluding those designed mainly for diagnostic or procedural purposes.
• Comparator: The control group, if any, included patients managed either by independent physician-directed approaches requiring specific physician's order for sedation drug selection, dosing and titration, or a standard of care, without the use of sGPA.
• Outcomes: We included all reported clinical outcomes, with specific interest in pertinent clinical outcomes related to PICU LOS, mortality rate, duration of MV, patients' comfort and safety (e.g., frequency of unplanned extubation and optimal sedation achieved), and sedative use (e.g., doses and duration).
• Study designs: We included all types of study designs and assessed their strengths, limitations, and suitability to be included in our systematic review.
Data Management and Extraction
Details of all identified articles were imported into Reference Manager 11.0 (11) and screened for duplication. Full texts of the studies were retrieved. Two authors (Y.N.P., P.F.P.) independently screened each article for inclusion criteria. Any differences were reconciled with a third author (J.H.L.) through discussion and detailed re-examination of the articles. A standardized data sheet was created and used to extract data from included studies.
Data Analysis
Due to the heterogeneity of outcome measures, we could not combine clinical outcomes into a meta-analysis. A descriptive account of the studies was formulated to characterize all included studies and to identify their strengths and weaknesses. The various outcomes were categorized into three main groups: pertinent clinical outcomes, patients' comfort and safety, and sedative use.
Quality Assessment
Methodological quality of observational studies was assessed using the Strengthening the reporting of observational studies in epidemiology Statement, a 22-item checklist that relate to the title, abstract, introduction, methods, results, and discussion (12) . The Critical Appraisal Skills Program randomized controlled trial (RCT) (11-item checklist) was used to appraise RCTs in three broad areas: validity, results, and clinical relevance (13) . Both checklists have been endorsed and validated by many peer-reviewed journals (14, 15) .
RESULTS
Characteristics of Studies
We identified a total of 1,283 citations ( Fig. 1) . Eighteen citations were relevant at screening. Six studies matched our criteria and were included in the final review. Table 1 summarizes the characteristics of the six included studies (total of 2,011 patients from the ages of 1 d to 21 yr old). Four studies (16) (17) (18) (19) did not report PICU characteristics. After the authors were contacted for clarification, we obtained the size of all PICUs involved, which ranged from 8 to 31 beds. Only four centers reported their admission case-mix: three were medical-surgical-cardiac PICUs, whereas one was a medical-surgical PICU (9, 16, 17, 20) .
Design of Studies
No RCTs were identified. All were observational studies involving historical controls. There were five cohort studies (9, (17) (18) (19) (20) and one case series (16) . Sample size ranged from 10 to 1,326 patients. Data were collected through medical chart reviews in all studies. One study (16) used purposive sampling, where patient selection was based on diagnosis and chart availability. The remaining studies (9, (17) (18) (19) (20) included all PICU patients who met the inclusion and exclusion criteria admitted within their specified time frame.
The components of each sGPA intervention were adequately described ( Table 1) . Although there were variations between them, all sGPA included guidance on frequency and method of sedation assessment and had target sedation goals and choice of sedatives. Sedation assessment tools used included the COMFORT scale (n = 2), COMFORT-B scale (n = 2), and hospital-developed tools (n = 2). The most commonly used drugs were opioids and benzodiazepines via continuous infusions. Sedation level was assessed and managed by nurses in all studies except for one, which was managed by pharmacists and physicians (18) . Table 2 provides a summary of the outcomes of interest as reported by each study.
Impact of sGPAs Interventions
Impact on Pertinent Clinical Outcomes. Three studies (17, 18, 20) reported on the association between initiation of sGPA and reduced PICU LOS. However, this difference was only statistically significant in one study (18) , which reported a reduction in median PICU LOS of 4. The only study (17) that examined the impact of sGPA on PICU mortality concluded that there was no significant difference between the two groups (mean, 5.3% ± 1.3% vs 5.0% ± 0.3%, p value not reported). Three studies (17, 18, 20) reported impact of sGPA on duration of MV, but the results were not consistent. Although one study reported a significant decrease in median duration of MV (12. (20) .
Impact on Patient Safety and Comfort Outcomes. Two studies (17, 20) reported a significant decrease in frequency of unplanned extubation. One study (19) observed a 10% increase in prevalence of optimal sedation (defined as COMFORT-B score of [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Another study (18) found a significant decrease in number of patients experiencing drug withdrawal symptoms (defined as patient having loose stools, vomiting, tremors, and abnormal sleep patterns) after the introduction of sGPA (7/20 vs 1/21, p = 0.020).
Impact on Sedation Duration and Use. Five studies described the impact of sGPA on sedatives duration and total dose used (9, 16, (18) (19) (20) . We will first discuss the impact on continuous IV sedatives, followed by bolus IV or enteral sedatives. Two studies (18, 20) reported significant reduction in total duration of sedative use (both IV and enteral). Patients who were managed using sGPA were 23% more likely to be taken off all sedation as compared with those managed using independent physician-directed approaches (hazard ratio = 0.77; 95% CI, 0.61-0.96; p = 0.020) (20) . In another study (18) , median duration of sedation was reduced in the sGPA group compared with the control group (8. When sGPA was used in conjunction with continuous fentanyl (16, 18) or clonidine infusion (9), the total dose required for each drug was significantly less. However, there was no significant difference in total dose used when sGPA involved continuous IV sedative infusions of midazolam (16, 18, 19) , morphine (19) , and ketamine (9) . One study (18) 
DISCUSSION
This systematic review aims to determine the impact of sGPA on clinical outcomes in critically ill children. Despite the widespread recommendation for sGPA-directed sedation management in critically ill patients (4, 7), our systematic review demonstrated a paucity of high-quality evidence in current literature to guide this practice in PICUs.
To achieve optimal sedation in critically ill patients, the use of sGPA has been advocated by various societies as a mean of improving practice and achieving standardization of care. The American College of Critical Care Medicine recently revised the 2002 Clinical Practice Guidelines for the Sustained Use of Sedatives and Analgesics in the Critically Ill Adult, with the intention to facilitate transfer of evidence-based "best practices" to the bedside, limit practice variations, and reduce treatment delays (7). The taskforce found that a protocolized approach can significantly improve patient outcomes and serve as a guide for quality assurance efforts. The guidelines included a total of 54 evidence-based statements (n = 22) and recommendations (n = 32), of which 65% were based on highor moderate-quality evidence, 30% were based on low or very low quality of evidence, and 5% had no evidence (21) .
Similarly, the use of a systematic approach for assessment and management of sedation and pain in children has been proposed by the United Kingdom Pediatric Intensive Care Society in 2006 (4). The expert panel used a modified Delphi technique to develop a consensus guideline with 20 recommendations on management of sedation and analgesia in PICU (4). However, unlike its adult counterpart, quality of evidence available in pediatric literature to support these practices was described as poor. The majority of recommendations (65%) were based on low level of evidence (e.g., nonanalytic studies and expert opinions). In this review, we identified six observational studies that varied in interventions and outcome measures. These variations prevented us from performing a meaningful pooled quantitative analysis. Nonetheless, the use of sGPA was associated with decreased frequency of unplanned extubation, incidence of patients experiencing drug withdrawal, sedation duration, sedation dose, and PICU LOS.
These findings are comparable to those derived from adult ICU population. In a systematic review (22) that included 19 studies (four RCTs and 15 observational studies) that investigated the effect of sGPA on adult ICUs, the authors found a strong association between the use of a systematic approach to improving sedation with reduced duration of MV, ICU, and hospital LOS. Although fewer studies reported outcomes of total sedation duration, sedative dose, and sedative cost, the available evidence indicated these outcomes also improved with sGPA use (22) .
Our review was limited by the low methodological quality of the studies identified. Most of the identified studies were conducted in a single-center environment involving a relatively small number of patients. One study (16) , which used purposive sampling, yielded a higher than average severity of illness in their study population, which was not representative of the true population. Three studies (9, 16, 17) did not report inclusion and exclusion criteria, exposing these studies to risk for selection bias. The validity of the studies was compromised by nonrandomization and lack of a concurrent control group. Instead historical controls were used, which increased the risk of bias (e.g., possible changes in characteristics of patient population, changes in strategies of patient care, such as technique of securing endotracheal tube, frequency of physical restraints, and staff 's knowledge and education level over time). One approach to correct for these potential confounders is to make statistical adjustments (22) , through matching, stratification, or multivariate analysis. This, unfortunately, was not performed in any of the studies.
Out of the sedation assessment tools used by included studies, the COMFORT and COMFORT-B scales were used most often. The structural validity of COMFORT has been previously raised as three variables within the scale stood out as having relatively low correlations with other variables (23) (24) (25) . A modified version, the COMFORT-B scale, which was tested to have high internal consistency and interrater reliability, was developed. These two scales have been demonstrated to have the highest clinical utility in scoring pain, nonpain-related distress, and sedation in mechanically ventilated children (26) . Other tools for sedation assessment include the Penn State Children's Hospital Sedation Algorithm (17) and Seattle PICU Comfort Score (20) . However, these two scales have not been extensively validated. In addition, the lack of detailed information on each study's setting and model of care made comparison and determination of similarities difficult. It would also subsequently be challenging to judge potential applicability of findings to other PICUs. Nonetheless, sGPA interventions were adequately reported in most of the studies, making it possible to replicate in future research. These methodology limitations are not restricted only to pediatric studies. A review (27) studying the variation in outcomes from international adult sedation protocol research highlighted that despite similarities in overall study designs, variations in population, and models of ICU care, as well as research methodological limitations might have contributed to differences in outcomes observed (27) . Limited information on baseline sedation practice such as details regarding level of staffing and training makes it difficult to assess the possible impact of baseline practice on outcome (22) . More detailed reporting of different models of care will allow study findings to be more generalizable. Possible variations include differences in the type of medical/nursing expertise, patient case-mix, nurse-to-patient ratio, level of staffing, their education level, and the routine within the setting where the research has taken place. These differences may result in vast variation in patients' outcomes. Given this large variation, pharmacy and other healthcare personnel may find it challenging to apply findings of studies in their respective hospitals. Moving forward, detailed reporting of studies should be encouraged (28) (29) (30) ; this will make it easier for healthcare personnel to choose the most applicable study for their own hospital setting.
Concise operational definitions of sedation-related events in the pediatric population are fundamental to robustness of future research. Significant heterogeneity among outcome measures made comparison across studies difficult. In a systematic review (31) that included 20 studies on sedationrelated adverse events and 64 studies on pediatric-specific sedation-related adverse events, a total of 11 operational definitions were recommended for reporting sedation-related adverse events in critically ill ventilated pediatrics patients. These standard definitions will aid communication and allow for comparison between various future research efforts.
Based on the findings from our review, there is insufficient high-quality evidence on which to base any recommendation for clinical practice regarding the use of sGPA. Although sGPA may be widely used to standardize sedation practice within PICUs, clinicians must be aware that use of sGPA may lead to improvement in some, but not all, patient outcomes. Our review highlights the urgent need for more rigorous research to determine the efficacy of sGPA in critically ill children. Although multicentered, RCTs may be too costly, and robust observational studies can be the focus of future research in this important area of PICU care. To our knowledge, this is the first systematic review that specifically addressed the impact of sGPA on PICU outcomes. We applied a systematic search strategy, and all steps in the review process were performed by two authors. As we limited our search to English-language publications and studies originated mainly from the North America, Europe, and Australia, there is a possibility that other relevant studies might have been missed.
CONCLUSION
The use of sGPA in critically ill children has been a focus of increased interest and practice. However, the overall quality of pediatric studies conducted thus far remains low. Nonetheless, our review suggests an association between the use of sedation sGPA and reduced prevalences of unplanned extubation, prevalences of patients experiencing drug withdrawal, sedation duration, sedation dose, and PICU LOS. Future research in this aspect of pediatric critical care is urgently needed to provide for a strong evidence-based practice of sedation and analgesia in the PICU.
